Obstetrician-gynaecologist (Ob-Gyn) medical and nursing personnel usually have minimal in action training on infection control (IC). Limited information exists also about the epidemiology of healthcare-associated infections (HAIs) in maternity hospitals. The aim of this study was to determine in a 30-day survey prevalence of HAIs among hospitalised patients and neonates in a maternity hospital in Athens, Greece, and to offer to the IC office a practical IC manual. Patients hospitalized for more than 24 h in the clinics and the neonatal intensive care unit (NICU) were enrolled. An IC guide was created and distributed to the medical and nursing staff through educational seminars. Through the survey, among Ob-Gyn patients 16 HAIs were recognized during hospitalization and 14 HAIs after patients' discharge; the overall prevalence of infected patients was 2.9% and the prevalence of HAIs was 3.2%. Among NICU patients, the prevalence of HAIs was 3.9%. The IC manual was found easily implemented in daily use improving staff 's compliance to IC practices. The results of the survey can be used as a baseline for future comparisons between maternity hospitals (benchmarking). The implementation of steady IC guideline protocols for a maternity hospital may update staff education and promote staff compliance on IC practices.
Introduction
The impact of healthcare-associated infections (HAIs) is significant, since not only do they adversely affect patient outcome by increasing morbidity and mortality, but also they prolong hospital stay, enhance resistance of microorganisms to antibiotics, and add economic burden [1] [2] [3] . An overview of published reports has suggested that at least 20% of all nosocomial infections can be avoidable, depending on the setting, study design, baseline infection rates, and type of infection [4] , while another literature review has pointed out that surveillance of HAIs as part of the IC program can reduce infection rates by up to 30% or more [5] . However, the epidemiology of HAIs in maternity hospitals, which are characterized by a special patient population, has not yet been well defined.
In many maternity hospitals there are gaps regarding the implementation of IC practices and the staff orientation and training. Obstetrician-Gynaecologist (Ob-Gyn) patients have a short length of hospital stay and a significant number of HAIs are detected after hospital discharge. Typically, in a survey for the epidemiology of postpartum infections the overall infection rate was 6% with rates of 7.4% following caesarean section and 5.5% following vaginal delivery; however, most of them were registered after hospital discharge [6] . Moreover, critically ill neonates in intensive care units have immature immune system, underlying health problems, and undergo invasive diagnostic and therapeutic procedures, characteristics that give them a high-risk profile for developing HAIs. In national point prevalence surveys almost onefifth of neonatal intensive care unit (NICU) patients have been reported to suffer from nosocomial infections, infants with low birth weight were more likely to have an infection, and therapeutic intervention was significantly associated to NICU-acquired infections [7, 8] .
The impact of HAIs not only is of increasing concern, but also underlines clearly the significance of a well-organized IC program. Maternity hospitals should mandate the presence of an IC committee to oversee and coordinate IC practices through dissemination of information, surveillance activities, 2 ISRN Infectious Diseases investigation, antibiotic stewardship, prevention, and control of HAIs. The aim of the present study, conducted in a maternity hospital, was to measure the infection rates as well as to develop and implement a proper IC manual, based on the hospital's needs, function, and resources. The manual including methods, such as educational seminars, was distributed to the personnel to enhance the staff compliance to IC practices.
Materials and Methods

Clinical Setting.
The study was conducted at "Elena Venizelou" Maternity Hospital, a 314-bed maternity hospital with 97% occupancy located in Athens, Greece. It provides medical care for Athens and the surrounding area (approx. a population of 5,000,000). A 30-day period prevalence survey of HAIs was conducted. All patients hospitalized for more than 24 h in the Ob-Gyn clinics and NICU were enrolled.
Definitions.
HAIs were defined according to Centres for Disease Control and Prevention's National Nosocomial Infection Surveillance system definitions [9] [10] [11] . In case of neonates, symptoms and positive cultures within 48 h after birth were considered as infections transmitted vertically from mother to newborn or perinatal infections. Infections manifested 48 h or more after admission in the NICU were defined as healthcare associated.
Methodology of Nosocomial Infection Surveillance.
Files and charts collecting data about patient's sex, age, medical history, present diagnosis, medication, intervention procedures, and exposure to invasive devices, surgery, clinical course, fever, and duration of hospitalization were reviewed. The clinical laboratory provided information about identification of bacterial pathogens and their antimicrobial susceptibility profiles. Findings from the radiology examinations (X-rays, Ultrasounds, and CTs) were also evaluated. All hospitalised patients developing infection were examined. All Ob-Gyn patients enrolled in the study were contacted by phone 15 days after their hospital discharge and data indicating infection, such as fever or the consumption of antibiotics, were collected. All the above data were registered at questionnaires, for adult patients and neonates.
The prevalence of nosocomial infections (defined as the number of HAIs divided by the total number of patients hospitalized at the time of the study) and the prevalence of infected patients (defined as the number of infected patients divided by the total number of patients hospitalized at the time of the study) were calculated.
Observation and Infection Control Manual Development and Distribution.
After daily observation of the medical and nursing staff routine by the IC nurse an IC manual with guidelines was created and distributed to the personnel, through educational seminars dealing with the implementation of practices described in the IC manual. The observation was then continued in order to evaluate the guide's practical use and the staff compliance to it. The chapters included in the IC manual and the content of each chapter are presented below.
Titles of Chapters and Their Content of the Infection Control (IC) Manual for Maternity Hospital.
Hand hygiene: with pictures showing the technique of handwashing with soap and water or with alcohol-based hand rub and with pictures showing the surgical hand preparation.
Medical gloves, scrubs and masks: when and how to use them.
Preparing the woman before caesarean section: vaginal preparation with povidone-iodine solution and skin preparation with povidone-iodine scrub, and paint immediately before caesarean delivery.
Medical sharps and waste: how to handle and to dispose them to the special containers.
Methods of decontamination of instruments and the environment: disinfection and sterilization in order to prevent cross-infection from equipment, surfaces and skin.
Infections that after exposal to them a healthcare worker must receive chemoprophylaxis: hepatitis A, hepatitis B, rabies, whooping cough, diphtheria, and meningococcal disease.
Management of exposure to HIV, HBV, and HCV: serological tests and chemoprophylaxis.
Immunization practices of healthcare workers. Care of intravascular devices and catheter insertion: hand washing, barrier precautions, technique, catheter site care, antisepsis, dressing regimens, monitoring, replacement frequency, and indications.
Isolation: which patients need isolation, ward's equipment, patient's care, and immunocompromised patient.
The manual included the necessary course of action regarding the hospital's IC guidelines about hand hygiene, medical gloves, scrubs and masks, medical sharps and waste, decontamination of instruments and the environment, infections that after exposal to them a health-care worker must receive chemoprophylaxis, management of exposure to HIV, HBV, HCV, immunization practices, care of intravascular devices, and catheter insertion and patients' isolation policy.
Results and Discussion
Prevalence of HAIs in the Ob-Gyn Clinics.
During the surveillance period a total of 1,030 women were hospitalized in the Ob-Gyn clinics. Sixteen of them developed HAIs during their hospitalization, while 14 developed HAIs after their hospital discharge; in the latter cases HAIs were recognised by phone contact. The mean hospitalization time was 3 days. Among the infected patients, 27 (90%) developed a single HAI, while 3 (10%) developed two HAIs. The overall prevalence of infected patients was 2.9% and the prevalence of HAIs was 3.2%. There were 7 patients with surgical site infections, 4 patients with urinary tract infection (2 of them had also infection of the lower respiratory system), 3 patients each with gastroenteritis and mastitis (1 of the latter patients had also infection of the lower respiratory system), one patient with chorioamnionitis, thrombophlebitis, and uterine infection, and 10 patients with fever of unknown origin (treated with wide spectrum antibiotics) ( Table 1) . As many as 24 of the 30 patients (80%) with HAIs underwent caesarean section (note that a total of 346 caesarean sections were performed during the surveillance period), indicating that caesarean section is associated with high morbidity for HAI [12] . In our survey, the high prevalence of HAIs among women who underwent caesarean section could be also attributed to lack of proper infection control measures.
Prevalence of HAIs in the NICU.
During the study period 176 neonates were hospitalized in the NICU and 7 of them developed HAIs. All infected neonates developed a single HAI. Thus, the prevalence of infected neonates as well as the prevalence of HAIs was 3.9%. There were two neonates with skin infection, two with eye infection, one with bloodstream infection due to MRSA (positive blood culture), while two had experienced fever of unknown origin (Table 2 ). There was no neonate mortality during the study period.
Detailed Creation of an IC Guide and Education of the Hospital Personnel.
The observation of the staff daily routine was initially conducted by the IC nurse. It was realized that when the IC nurse appeared on the ward, the staff acted appropriately (due to the awareness of being studied), but the nurse's presence was soon to be forgotten. Despite the plethora of evidence-based guidelines, policies and procedures available nowadays on IC, suboptimum care was given because knowledge and understanding the importance of the above guidelines were still limited. The introduction of the IC manual through the educational seminars had considerable consequences in hospital's IC practices. The medical and nursing staff found the IC manual easy to implement in daily use, and through further observation the personnel's compliance was considerably promoted and improved. The IC manual was found a tool assisting the user to create safe practices as well as to realize that patients' care will benefit from enhancing IC standards.
3.4.
Discussion. The present 30-day prevalence survey was conducted in a hospital setting with patients' characteristics substantially different from those in other institutions and clinics. The specific population under evaluation was characterized by short hospital stays (Ob-Gyn patients) and high risk for acquisition of HAIs (NICU patients with immature immune system and underlying health problems as mentioned above). It is also of note that in the current survey the same observer team and standardized methodology were used. The study provided the baseline of our hospital's infection rates as well as the essential observations in order to suggest a proper and feasible surveillance program. The review of updated patients' medical records is an essential step for recognizing changes in the clinical course during their hospitalization. In particular, the sensitivity and specificity of this method in measuring nosocomial infection rates has been well defined in the literature [13] . Accurate record keeping should be prioritized as part of a purposefully designed monitoring system that upgrades IC. It have been emphasized that healthcare facilities even in countries with limited resources should participate actively to the organization of a hospital's electronic data base [14, 15] .
During surveillance of HAIs a lot of data need to be collected for every patient, such as demographic and clinical data, admission date, medical history, primary diagnosis, date of recognizing the infection, and the type of infection. The IC personnel must be able to define in the best possible way the population at high risk and, in the case of an epidemic, the exact number of infected patients, the place, and the time the outbreak has initiated. During the present surveillance the probability of a hidden epidemic should be excluded. Situations that may cause artefacts in the estimation of HAIs prevalence rates such as modified definition of an infection, implementation of the surveillance program to a new department or population, new laboratory methods, or changes in medical treatments, and interventional procedures were not applied to our hospital setting.
The prevalence of nosocomial infections is underestimated in some cases especially when wide spectrum antibiotics are administered without defining the type of the infection. Quick response to antibiotics and elimination of the infection signs may result the nonrecognition of many HAIs. In our study, as many as 34% of our Ob-Gyn patients with fever remained undiagnosed receiving widespectrum antibiotics, without their doctors implementing first a protocol of investigating the fever. Since the initiation of our study we have changed this obviously not proper "policy" through antibiotic stewardship.
Decreased hospitalization time in maternity clinics leads to an increased rate of HAIs that appear after patient's discharge [16] . An effective postdischarge programme increases significantly the nosocomial infection rates and can include methods such as contacting the patient by mail or phone, sending questionnaires to the medical personnel, and screening of electronic records, 15 days after hospital discharge [17, 18] . Although this overloads those who are responsible for conducting it, this procedure ensures larger amount of data, accuracy, and reliability on infection rates. Our study showed that nearly 50% of the obstetric HAIs manifested after hospital discharge.
Understaffing and low levels of staff preparedness and knowledge are key factors leading to insufficient IC practices. Implementation of IC standards is difficult in the case of poor hygiene and sanitation, equipment shortage, inadequate structures, overcrowding, and limited surveillance data, such as about antibiotic consumption and HAIs epidemiology [4] . Therefore education, recruitment of IC professionals, and distribution to the hospital staff of an IC manual with simple and applicable prevention measures and tools are essential particularly for highly demanding units, such as those of maternity hospitals.
Conclusion
In conclusion, the standards for proper IC include the strategic development of a healthcare-associated infections surveillance system, infection control education, and antibiotic stewardship. The present survey provided essential data and observations in order to suggest a surveillance program not only for our maternity hospital but also for all such facilities in order to reduce infection rates [4, 19] . An antibiotic stewardship program with antibiotic consumption measurement was also initiated in our hospital [20] . This would help to design interventions that will ensure that hospitalized patients receive the proper antimicrobial treatment reducing thus antimicrobial resistance.
IC is no longer to be regarded as low priority but as a costeffective measure, and all efforts must be directed towards achieving attitude changes in healthcare personnel. It is feasible to make a real change, introducing to the staff a manual with practical tools that include operation, information, education, monitoring, hand hygiene, product procurement, and impact evaluation. An updated IC manual and an established educational program through seminars by the IC team seem to promote awareness of IC procedures and behavioural and organizational changes. Surveillance, quality improvement measures, organisational and behavioural changes, continuous education, antibiotic stewardship, and globalized health policies and initiatives are considered essential in order to reduce maternal infection rates.
